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(57) A rolling processing device and a rolling
processing method are provided to be capable of pro-
ducing annular members by rolling-forming three or more
cylindrical members at the same time while reducing the
possibility of breakage of a mandrel. For this purpose, a

asupportroll (20), and a mandrel (30). Plural workpieces
(4) are arranged on the mandrel (30) alternately in the
radial direction of the mandrel (30). The rolling process-
ing method includes an arranging process for arranging
the workpieces (4) on the mandrel (30) and arolling proc-

rolling processing device (1) includes a forming roll (10), ess.
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Description
Technical Field

[0001] The presentinvention relates to rolling process-
ing devices and rolling processing methods, and relates
to arolling processing device for producing annular mem-
bers applied to innerrings and outer rings of, forexample,
a rolling bearing, and a rolling processing method using
the same.

Background Art

[0002] The annular members conventionally applied
to the inner rings and outer rings of the rolling bearings
and the like are produced by rolling (press) processing
of annular workpieces. Examples of such rolling process-
ing include the method disclosed in PTL 1. As illustrated
in FIG. 16, a rolling processing device 100 including a
support roll 101, a forming roll 102, and a mandrel 103
is used in the conventional rolling processing. A work-
piece 104 is arranged such that the inner surface of the
workpiece 104 abuts with the outer peripheral surface of
the mandrel 103, and the outer peripheral surface of the
workpiece 1 abuts with the inner peripheral surface of
the forming roll 102. After that, the workpiece 104 is
pressed by rotating the forming roll 102 and the mandrel
103 while making a rotary shaft of the forming roll 102
get closer to a rotary shaft of the mandrel 103, and is
formed into an annular member.

[0003] In addition, PTL 2 discloses the technology for
offsetting the bending moment and preventing breakage
of the mandrel 103 in such a rolling processing device.
PTL 2 addresses the offset of the bending moment with
a mechanical structure.

[0004] The technologies disclosed in PTL 1 and PTL
2 are, however, those for forming a single annular mem-
ber from a single workpiece in a single rolling process.
Thus, the working efficiency has room for improvement.
[0005] In order to increase the productivity of forming
annular members, PTL 3 discloses a technology for cold
rolling two workpieces applied to a taper bearing all at
one time.
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Summary
Technical Problem

[0007] In the technology disclosed in PTL 3, plural
workpieces are produced by rolling at the same time,
however, its intended use is limited to the taper bearing.
Besides, the technology disclosed in PTL 3 is not suitable
for rolling three or more workpieces at the same time.
[0008] When three or more workpieces are subject to
the rolling process at the same time, as illustrated in FIG.
17, the load in the process also corresponds to three
workpieces (approximately three times), and increases
the distance between support points D. This results in an
increase in the possibility of breaking the mandrel 103.
This is because the forming force corresponding to three
workpieces (approximately three times) is applied to the
mandrel 103 in the same direction, and thus increases
bending applied to the mandrel 103.

[0009] The present invention has been made in view
of the above-described circumstances, and an object of
the present invention is to provide a rolling processing
device and a rolling processing method capable of pro-
ducing annular members by rolling three or more work-
pieces at the same time and reducing the possibility of
breakage of a mandrel.

Solution to Problem

[0010] Inordertoaddresstheabove problems, accord-
ingtoone aspect of the presentinvention, thereis provide
arolling processing device including: a forming roll con-
figured to abut with an outer peripheral surface of a cy-
lindrical member; a support roll configured to abut with
the outer peripheral surface of the cylindrical member;
and a mandrel having an outer peripheral surface con-
figured to abut with an inner peripheral surface of the
cylindrical member. Rotary shafts of the forming roll, the
support roll, and the mandrel are arranged to be capable
of getting closer to one another, at least three of the cy-
lindrical members are arranged on the outer peripheral
surface of the mandrel alternately in a radial direction of
the mandrel, a plurality of protrusions, each having a disc
shape, are provided on the forming roll and the support
roll depending on the number of the cylindrical members,
and outer peripheral surfaces of the plurality of protru-
sions of at least one of the forming roll or the support roll
are pressed against the outer peripheral surface of the
cylindrical member.

[0011] In the above-described rolling processing de-
vice, at least a first engaging groove is provided on the
outer peripheral surface of the mandrel, the first engaging
groove having a diameter decreasing in an axial direction
of the mandrel, and being configured to abut the inner
peripheral surfaces of the three or more of the cylindrical
members alternately in the radial direction of the mandrel.
[0012] In addition, in the above-described rolling
processing device, a second engaging groove may be
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provided on the outer peripheral surface of at least one
of the forming roll or the support roll to be engaged with
the outer peripheral surface of the cylindrical member
and an end surface in the axial direction of the cylindrical
member to correspond to the first engaging groove.
[0013] In addition, in the above-described rolling
processing device, a plurality of the first engaging
grooves may be provided depending on the number of
the cylindrical members.

[0014] In addition, in the above-described rolling
processing device, a pair of rotating bodies may be pro-
vided on at least one of the forming roll or the support
roll to be arranged rotatably with respect to the forming
roll and the support roll, which are opposed to each other
in the axial direction, and are configured to bias both end
surfaces of the cylindrical member in the axial direction.
[0015] Further, according to another aspect of the
present invention, there is provided a rolling processing
method comprising an arranging process for arranging
a cylindrical member in a rolling processing device com-
prising a forming roll configured to abut with an outer
peripheral surface of the cylindrical member, a support
roll configured to abut with the outer peripheral surface
of the cylindrical member, and a mandrel having an outer
peripheral surface configured to abut with an inner pe-
ripheral surface of the cylindrical member, rotary shafts
of the forming roll, the supportroll, and the mandrel being
arranged to be capable of getting closer to one another;
and a rolling-forming process for rolling-forming the cy-
lindrical member to expand a diameter of the cylindrical
member by use of the forming roll and the mandrel to
produce annular members. The arranging process is a
process for arranging at least three of the cylindrical
members in an axial direction of the mandrel with respect
to a first engaging groove provided on the outer periph-
eral surface of the mandrel such that the inner peripheral
surfaces of the at least three of the cylindrical members
abut alternately in a radial direction of the mandrel and
an outer peripheral surface of at least one of the protru-
sions of the forming roll or the support roll abuts with the
outer peripheral surface of the cylindrical member.
[0016] Herein, in the above-described rolling process-
ing method, a plurality of the first engaging grooves may
be provided depending on the number of the cylindrical
members.

[0017] In addition, in the above-described rolling
processing method, a pair of rotating bodies may be pro-
vided on at least one of the forming roll or the support
roll to be arranged rotatably with respect to the forming
roll and the support roll, which are opposed to each other
in the axial direction, and are configured to bias both end
surfaces of the cylindrical member in the axial direction.

Advantageous Effects
[0018] In one embodiment of the present invention, a

rolling processing device and a rolling processing method
capable of producing annular members by rolling-form-
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ing three or more workpieces at the same time while re-
ducing the possibility of breakage of a mandrel can be
provided.

Brief Description of Drawings
[0019]

FIG. 1 is a cross-sectional view of a state where
workpieces are arranged (arranging process) in a
rolling processing device and a rolling processing
method, in a first embodiment of the present inven-
tion;

FIG. 2 is a cross-sectional view of a state where roll-
ing-forming process of one side of the workpieces is
completed (rolling process) in the rolling processing
device and the rolling processing method, in the first
embodiment of the present invention;

FIG. 3 is a cross-sectional view of a state where the
rolling-forming process of the workpieces is complet-
ed in the rolling processing device and the rolling
processing method, in the first embodiment of the
present invention;

FIG. 4 is a cross-sectional view of a state where the
rolling-forming process of workpieces is completed
in the rolling processing device and the rolling
processing method in one variation of the first em-
bodiment of the present invention;

FIG. 5A and FIG. 5B are cross-sectional views of a
state where the rolling-forming process of workpiec-
es is completed in the case where the number of the
workpieces is 2 (FIG. 5A) and the number of the
workpieces is 4 (FIG. 5B) the rolling processing de-
vice and the rolling processing method, in another
variation of the first embodiment of the present in-
vention;

FIG. 6 is a cross-sectional view of a state where
workpieces are arranged (arranging process) in the
rolling processing device and the rolling processing
method, in a second embodiment of the present in-
vention;

FIG. 7 is a cross-sectional view of a state where the
rolling-forming process of one side of the workpieces
is completed (rolling process) in the rolling process-
ing device and the rolling processing method, in the
second embodiment of the present invention;

FIG. 8 is a cross-sectional view of a state where the
rolling-forming process of the workpieces is complet-
ed in the rolling processing device and the rolling
processing method, in the second embodiment of
the present invention;

FIG. 9 is a cross-sectional view of a state where roll-
ing-forming process of workpieces is completed in
the rolling processing device and the rolling process-
ing method, in one variation of the second embodi-
ment of the present invention;

FIG. 10A and FIG. 10B are cross-sectional views of
a state where rolling-forming process of workpieces
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is completed in the case where the number of the
workpieces is 2 (FIG. 10A) and the number of the
workpieces is 4 (FIG. 10B) in the rolling processing
device and the rolling processing method, in another
variation of the second embodiment of the present
invention;

FIG. 11A is a cross-sectional view of a state where
workpieces are arranged (arranging process) in the
rolling processing device and the rolling processing
method, in a third embodiment of the present inven-
tion;

FIG. 11B is an enlarged view of a main part;

FIG. 12A and FIG. 12B are cross-sectional views of
a state where workpieces are arranged (arranging
process) in the case where the number of the work-
pieces is 2 (FIG. 12A) and the number of the work-
piecesis 4 (FIG. 12B)intherolling processing device
and the rolling processing method, in one variation
of the third embodiment of the present invention;
FIG. 13 is a cross-sectional view of a state where
rolling-forming process of workpieces is completed
in the rolling processing device and the rolling
processing method, in a fourth embodiment of the
present invention;

FIG. 14 is an enlarged view of a main part of FIG. 13;
FIG. 15A is a cross-sectional view of a state when
rolling-forming process of two workpieces is com-
pleted in the rolling processing device and the rolling
processing method, in one variation of the fourth em-
bodiment of the present invention;

FIG. 15B is a cross-sectional view of a state where
rolling-forming process of four workpieces is com-
pleted, intherolling processing device and the rolling
processing method, in another variation of the fourth
embodiment of the present invention;

FIG. 16 is a cross-sectional view of a state when a
workpiece is rolling-processed in a conventional roll-
ing processing device; and

FIG. 17 is a cross-sectional view of a state when
three or more workpieces are rolling-processed in
the conventional rolling processing device.

Description of Embodiments

[0020] In the following detailed description, a number
of specific details will be described for providing complete
understanding of embodiments of the present invention.
However, it is apparent that one or more embodiments
should be practicable without such specific details. In ad-
dition, well-known structures and devices are illustrated
by schematic diagrams for simplifying the drawings.
[0021] Hereinafter, a rolling processing device and a
rolling processing method in some embodiments of the
present invention will be described with reference to the
drawings.
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First embodiment

[0022] FIG. 1is across-sectional view of a state where
workpieces are set in the rolling processing device and
the rolling processing method, in a first embodiment of
the present invention.

Rolling processing device

[0023] As illustratedin FIG. 1, a rolling processing de-
vice 1 in the present embodiment includes a forming roll
10, a support roll 20, and a mandrel 30. The forming roll
10, the support roll 20, and the mandrel 30 respectively
include rotary shafts 11, 21, and 31, which are respec-
tively arranged parallel to one another, and are respec-
tively arranged rotatably around the rotary shafts 11, 21,
and 31.

Forming roll

[0024] Inthe forming roll 10, plural disc-shaped protru-
sions 12 (12A, 12B, and 12C) are provided on the rotary
shaft 11 at a predetermined interval in the axial direction.
Such a predetermined interval is same in dimension as
the thickness of cylindrical members (workpieces) 4 in
the axial direction at the completion of processing. The
cylindrical members 4 are the targets to be rolling-
formed. In other words, the rolling processing device in
the present embodiment is configured to set the above-
described intervals of the protrusions 12A, 12B, and 12C,
and has a function of limiting the workpieces 4 not to
extend in the axial direction in a rolling-forming process.
Itis to be noted that the protrusion 12B of the protrusions
12A, 12B, and 12C abuts with an outer peripheral surface
4b of the workpiece 4. Thus, the protrusion 12B presses
the outer peripheral surface of the mandrel 30 through
the workpiece 4. The formingroll 10 is arranged rotatably
together with the mandrel 30 with the protrusion 12B
abutting with the mandrel 30 through the workpiece 4.
Although the protrusions 12 can be integrally formed with
the rotary shaft 11, the protrusions 12 as separate bodies
may be fixed on the rotary shaft 11 in a method such as
screwing, welding, or bonding. In the case of integral
forming, the forming roll 10 having high strength and ri-
gidity can be produced, but the manufacturing cost may
be increased, because the forming roll 10 is manufac-
tured by cutting or forging a cylindrical material having a
large diameter. In contrast, in a configuration in which
the protrusions 12 as separate bodies are joined to the
rotary shaft 11 by welding, the strength and rigidity are
slightly lower than those of the protrusions 12 that are
integrally formed, but the material cost and the process-
ing cost can be reduced. In addition, in the case of screw-
ing, even when a part of the forming roll 10 is damaged
when used, its use can be continued by replacing only
the damaged part. Furthermore, the protrusions 12 of
various sizes can be attached to the rotary shaft 11. Thus,
the forming roll 10 can be applied to various kinds and
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the manufacturing cost of annular members can be re-
duced.

Mandrel

[0025] The mandrel 30 has a cylindrical-shaped main
body 30A having an outer diameter smaller than the inner
diameter of the workpiece 4. Itis to be noted that, in FIG.
1, the rotary shaft 31 of the mandrel 30 also serves as
the main body 30A.

[0026] As will be described below, inner peripheral sur-
faces 4a of three or more workpieces 4 abut with the
main body 30A alternately in the radial direction of the
mandrel 30, and the mandrel 30 is rotatable together with
the forming roll 10 through the workpieces 4.

Support roll

[0027] Plural disc-shaped protrusions 22 (22A and
22B) are provided on the support roll 20 at a predeter-
mined interval in the axial direction. The predetermined
interval can be almostthe samein dimension as the thick-
ness of the cylindrical members (workpieces) 4 in the
axial direction at the completion of processing. Each of
the protrusions 22A and 22B abuts with the outer periph-
eral surface 4b of the workpiece 4, and is arranged ro-
tatably together with the rotary shaft 21. Although the
protrusions 22 can be integrally formed with the rotary
shaft 21, the protrusions 22 as separate bodies may be
fixed on the rotary shaft 21 in a method such as screwing,
welding, or bonding. Advantages obtained when the pro-
trusions 22 are integrally formed or separately formed
are similar to those in the case of the forming roll 10. The
protrusions 12 of the forming roll 10 and the protrusions
22 of the support roll 20 may be integrally formed or sep-
arately formed, as necessary.

[0028] Here, plural protrusions 12 and the plural pro-
trusions 22 are provided depending on the number of the
workpieces 4. For example, when n is the number of the
workpieces 4, m is the number of the protrusions 12, and
k is the number of the protrusions 22, the protrusions 12
and the protrusions 22 are provided so as to satisfy n +
2=m+k.

[0029] The protrusions 22A and 22B of the support roll
20 configured in this manner abut with the outer periph-
eral surface of the mandrel 30 through the workpieces
4, and are arranged rotatably together with the mandrel
30.

Rolling processing method

[0030] Next, the rolling processing method using the
above-described rolling processing device 1 in one em-
bodiment will be described below with reference to the
drawings.

[0031] In the rolling processing device 1, the position
of one of the forming roll 10 or the support roll 20 is fixed,
whereas the other includes an inherent drive source to
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be capable of performing translational motion actively.
The mandrel 30 is arranged to be capable of translating
and rotating passively in accordance with a deformation
of the workpieces 4. It is to be noted that each of the
forming roll 10 and the support roll 20 includes a drive
source for active rotation, which is not illustrated.
[0032] The present embodiment will be described un-
der the presumption that the position of the rotary shaft
21 of the support roll 20 is fixed, the rotary shaft 11 of
theforming roll 10 is arranged to be capable of performing
translational motion by the above-described drive
source, the mandrel 30 rotates passively in accordance
with the deformation of the workpieces 4, and the rotary
shaft 31 of the mandrel 30 is arranged to be capable of
translating passively in accordance with the deformation
of the workpieces 4. Such a configuration eliminates the
need of positional control, except for the forming roll 10.
The configuration of the rolling processing device 1 is
simplified. It is to be noted that, in one variation, the man-
drel 30 may be fixed, and the forming roll 10 and the
support roll 20 may perform the translational motion to-
ward the mandrel 30.

[0033] In such a variation, the forming roll 10 and the
support roll 20 may be driven independently, or one of
the rolls may be rotated and the other of the rolls and the
mandrel may be rotated dependently.

[0034] The rolling processing method in the present
embodiment includes at least an arranging process and
a rolling process, and may include another process as
necessary. In the present embodiment, there are some
specific technical aspects in the arranging process.

Arranging process

[0035] As illustrated in FIG. 1, in the above-described
arranging process, plural (for example, three) workpiec-
es 4 is arranged such that respective end surfaces of the
protrusions 12 of the forming roll 10 and the protrusions
22 of the support roll 20 abut with the outer peripheral
surfaces 4b of the plural workpieces 4. The workpieces
4 are inserted into the mandrel 30.

[0036] Inthe arranging process in the present embod-
iment, plural (for example, three) workpieces 4 are ar-
ranged such that the inner peripheral surfaces 4a of the
plural workpieces 4 are arranged alternately in the radial
direction of the mandrel 30 with respect to the main body
30A of the mandrel 30, and the outer peripheral surfaces
4b of the workpieces 4 abut with the outer peripheral
surfaces of the protrusions 12 and the protrusions 22.
[0037] Asillustratedin FIG. 1, in this situation, a work-
piece 4A and a workpiece 4B are arranged such that the
outer peripheral surface of the protrusion 22A abuts with
the outer peripheral surface 4b of the workpiece 4A, and
one end surface of the protrusion 22A in the axial direc-
tion abuts with one end surface of the workpiece 4B in
the axial direction. In addition, as illustrated in FIG. 1, the
workpiece 4B and a workpiece 4C are arranged such
that the outer peripheral surface of the protrusion 22B
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abuts with the outer peripheral surface 4b of the work-
piece 4C, and one end surface of the protrusion 22A in
the axial direction abuts with the other end surface of the
workpiece 4B in the axial direction. In other words, the
workpiece 4B is arranged to be sandwiched between the
protrusion 22A and the protrusion 22B in the axial direc-
tion to limit the movement in the axial direction.

[0038] On the other hand, the forming roll 10 is ar-
ranged such that one end surface of the protrusion 12A
of the forming roll 10 abuts with one end surface (for
example, upper end surface) of the workpiece 4A in the
axial direction to limit the movement of the workpiece 4A
in one (upward) direction. In addition, the protrusion 12B
is arranged such that the outer peripheral surface thereof
abuts with the outer peripheral surface 4a of the work-
piece 4B, one end surface thereof abuts with the other
end surface (for example, lower end surface) of the work-
piece 4A in the axial direction, and the other end surface
thereof abuts with one end surface (for example, upper
end surface) of the workpiece 4C in the axial direction.
This configuration limits the movement of the workpiece
4A in the other (downward) direction and the movement
of the workpiece 4C in one (upward) direction. Similarly,
the protrusion 12C abuts with the other end surface (for
example, lower end surface) of the workpiece 4C in the
axial direction, and is arranged to limit the movement of
the workpiece 4C in the other (downward) direction.

Rolling process

[0039] Theabove-describedrolling processisarolling-
forming process that extends the diameters of the work-
pieces 4A, 4B, and 4C, by the movement of the forming
roll 10, to produce the annular members 2. Inner surfaces
4a of the workpieces 4A, 4B, and 4C alternately abut with
an outer peripheral surface 30a of the main body 30A of
the mandrel 30,.

[0040] Specifically, the forming roll 10 is moved in a
direction in which a distance between the rotary shaft 31
of the mandrel 30 and the rotary shaft 11 of the forming
roll 10 reduces, by a drive source that is not illustrated,
while rotating the protrusions 12A, 12B, and 12C of the
forming roll 10 by the above-described drive source. Ac-
cordingly, the workpiece 4B is sandwiched between the
protrusion 12B of the forming roll 10 and the outer surface
30a of the mandrel 30, and the workpiece 4B is rolled.
[0041] When the rolling of the workpiece 4B is com-
pleted, the protrusions 12A and 12C of the forming roll
10 abut with the outer peripheral surface 30a of the man-
drel 30. After that, as illustrated in FIG. 2, the forming roll
10 is further made to perform the translational motion,
and the protrusions 12A and 12C of the forming roll 10
press the mandrel 30, so that the mandrel 30 performs
rotation and translational motion passively, and the work-
pieces 4A and 4C sandwiched between the outer periph-
eral surface 30a of the mandrel 30 and the protrusions
22A and 22B of the support roll 20 are rolled.

[0042] In the present embodiment, the rolling force F
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exerted from the forming roll 10 is transmitted through a
path of the forming roll 10, the workpiece 4B, the mandrel
30, the workpieces 4A and 4C, and the support roll 20,
in this order. In other words, the rolling force F is exerted
to the workpiece 4B, and the rolling force F/2 is applied
to each of the workpieces 4A and 4C. Thus, the work-
piece 4B deforms faster than the workpieces 4A and 4C.
After that, the rolling by the protrusions 12A, 12B, and
12C is progressed, and the rolling-forming process of the
workpieces 4A, 4B and 4C is completed when the thick-
nesses of the workpieces 4A, 4B and 4C in the radial
direction reach predetermined thicknesses (see FIG. 3).
[0043] As described above, the workpieces 4 are ar-
ranged alternately in the radial direction with respect to
the mandrel 30 in the present embodiment, so that the
force alternately acts on the mandrel 30 as illustrated in
FIG. 3. Bending that occurs in the mandrel 30 can be
reduced while forming the workpieces 4. This means that,
in a configuration of a general rolling processing device,
forming of workpieces plays the role of a support roll (a
roll that presses a mandrel).

[0044] In addition, the inter-fulcrum distance D be-
tween the protrusions 22A and 22B of the support roll 20
is almost the same as the inter-fulcrum distance in the
case where only a single workpiece 4 is rolling-proc-
essed. In other words, almost the same force as that in
the case where one workpiece 4 is rolling-formed is ex-
erted to the mandrel 30 by the arrangement of the plural
workpieces 4 in the present embodiment. Thus, more
workpieces 4 can be rolling-formed at the same time
while preventing breakage of the mandrel 30.

[0045] Here, as another variation of the present em-
bodiment, as illustrated in FIG. 4, the number of the work-
pieces 4 that are rolling-formed at the same time can be
increased. For example, five workpieces 4 can be rolling-
formed at the same time as illustrated in FIG. 4. Even if
still more workpieces 4 are formed at the same time, as
illustrated in FIG. 4, the workpieces 4 arranged alternate-
ly that are rolled suppress the bending that may occur in
the mandrel 30. Accordingly, more workpieces 4 can be
rolling-formed at the same time without worrying about
the breakage of the mandrel 30.

[0046] In addition, in the conventional rolling process-
ing device, when the protrusions are made to support the
mandrel, considerable space is necessary in the width
direction. However, the mandrel is supported by the form-
ing force ofthe workpieces as in the presentembodiment.
Therefore, a rolling processing device capable of rolling-
forming plural workpieces at the same time with a com-
pact size is provided.

[0047] In addition, in another variation of the present
embodiment, as illustrated in FIG. 5A and FIG. 5B, the
number of the workpieces 4 that are rolling-formed at the
same time can be not odd numbers but even numbers.
For example, as illustrated in FIG. 5A, two workpieces
4A and 4B can be rolling-formed at the same time. Spe-
cifically, the workpiece 4A and the workpiece 4B are ar-
ranged such that the outer peripheral surface of the pro-
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trusion 22A abuts with the outer peripheral surface 4b of
the workpiece 4A, and one end surface of the protrusion
22A in the axial direction abuts with one end surface of
the workpiece 4B in the axial direction. In addition, the
workpiece 4B is arranged such that one end surface of
the protrusion 22A in the axial direction abuts with the
other end surface of the workpiece 4B in the axial direc-
tion. In other words, the workpiece 4B is arranged to be
sandwiched between the protrusion 22A and the protru-
sion 22B in the axial direction to limit the movement in
the axial direction.

[0048] On the other hand, the forming roll 10 is ar-
ranged such that one end surface of the protrusion 12A
of the forming roll 10 abuts with one end surface (for
example, upper end surface) of the workpiece 4A in the
axial direction to limit the movement of the workpiece 4A
in one (upward) direction. In addition, the protrusion 12B
is arranged such that the outer peripheral surface thereof
abuts with the outer peripheral surface 4a of the work-
piece 4B, and one end surface thereof abuts with the
other end surface (for example, lower end surface) of the
workpiece 4A in the axial direction. Accordingly, the
movement of the workpiece 4A in the other (downward)
direction is limited.

[0049] In addition, as illustrated in FIG. 5B, four work-
pieces 4A to 4D can be rolling-formed at the same time.
Specifically, three disc-shaped protrusions 22 (22A, 22B,
and 22C) are provided on the support roll 20 at prede-
termined intervals in the axial direction.

[0050] The workpiece 4A and the workpiece 4B are
arranged such that the outer peripheral surface of the
protrusion 22A abuts with the outer peripheral surface
4b of the workpiece 4A, and one end surface of the pro-
trusion 22B in the axial direction abuts with one end sur-
face of the workpiece 4B in the axial direction. In addition,
the workpiece 4B and the workpiece 4C are arranged
such that the outer peripheral surface of the protrusion
22B abuts with the outer peripheral surface 4b of the
workpiece 4C, and one end surface of the protrusion 22B
in the axial direction abuts with the other end surface of
the workpiece 4B in the axial direction. In addition, the
workpiece 4C and the workpiece 4D are arranged such
that the outer peripheral surface of the protrusion 22B
abuts with the outer peripheral surface 4b of the work-
piece 4C, and one end surface of the protrusion 22C in
the axial direction abuts with one end surface of the work-
piece 4D in the axial direction.

[0051] In other words, the workpiece 4B is arranged to
be sandwiched between the protrusion 22A and the pro-
trusion 22B in the axial direction to limit the movement
in the axial direction. In addition, the workpiece 4D is
arranged to be sandwiched between the protrusion 22B
and the protrusion 22C in the axial direction to limit the
movement in the axial direction.

[0052] On the other hand, the forming roll 10 is ar-
ranged such that one end surface of the protrusion 12A
of the forming roll 10 in the axial direction abuts with one
end surface (for example, upper end surface) of the work-
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piece 4A in the axial direction to limit the movement of
the workpiece 4A in one (upward) direction. In addition,
the protrusion 12B is arranged such that the outer pe-
ripheral surface thereof abuts with the outer peripheral
surface 4a of the workpiece 4B, one end surface thereof
in the axial direction abuts with the other end surface (for
example, lower end surface) of the workpiece 4A in the
axial direction, and the other end surface thereof abuts
with one end surface (for example, upper end surface)
of the workpiece 4C in the axial direction. In addition, the
protrusion 12C is arranged such that the outer peripheral
surface thereof abuts with the outer peripheral surface
4a of the workpiece 4D, and one end surface thereof in
the axial direction abuts with one end surface (for exam-
ple, upper end surface) of the workpiece 4C in the axial
direction.

[0053] This configuration limits the movement of the
workpiece 4A in the other (downward) direction and the
movement of the workpiece 4C in one (upward) direction.
Similarly, the protrusion 12C abuts with the other end
surface (for example, lower end surface) of the workpiece
4C inthe axial direction, and is arranged to limitthe move-
ment of the workpiece 4C in the other (downward) direc-
tion.

[0054] It is to be noted that, when the number of the
workpieces 4 that are rolling-formed at the same time but
an even number in this manner, instead of an odd
number, by setting the rigidity and the support rigidity of
the mandrel 30 so as to resist the moment for inclining
the mandrel 30, the bending that may occur in the man-
drel 30 can be suppressed. Accordingly, more workpiec-
es 4 can be rolling-formed at the same time without wor-
rying about the breakage of the mandrel 30.

[0055] As described above, according to the rolling
processing device and the rolling processing method in
the present embodiment, annular members can be pro-
duced by rolling-forming three or more cylindrical mem-
bers at the same time while reducing the possibility of
breakage of the mandrel. Accordingly, plural cylindrical
members can be formed in a processing period of time
almost the same as the conventional one, and the pro-
ductivity can be drastically increased. In addition, in the
present embodiment, plural workpieces can be rolling-
formed at the same time without worrying about the
breakage of a mandrel.

Second embodiment

[0056] FIG. 6is across-sectional view of a state where
workpieces are set in the rolling processing device and
the rolling processing method, in a second embodiment
of the present invention.

Rolling processing device
[0057] As illustratedin FIG. 6, a rolling processing de-

vice 1 of the present embodiment has a forming roll 10,
a support roll 20, and a mandrel 30. The forming roll 10,
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the supportroll 20, and the mandrel 30 have rotary shafts
11, 21, 31 respectively arranged parallel to one another,
and are respectively arranged rotatably around the rotary
shafts 11, 21, 31.

Forming roll

[0058] Inthe formingroll 10, plural disc-shaped protru-
sions 12 (12A, 12B, and 12C) are provided on the rotary
shaft 11 at predetermined intervals in the axial direction.
It is preferable that the predetermined intervals have al-
most the same dimensions as the thickness dimensions
of cylindrical members (workpieces) 4, which are targets
to be rolling-formed, in the axial direction at the comple-
tion of processing. In other words, the rolling processing
device of the present embodiment, which sets the inter-
vals of the protrusions 12A, 12B, and 12C as described
above, has a limiting function by which the workpieces 4
are not spread in the axial direction in a rolling-forming
process. It is to be noted that the protrusion 12B among
the protrusions 12A, 12B, and 12C abuts with an outer
peripheral surface 4b of the workpiece 4. Thus, the pro-
trusion 12B presses the outer peripheral surface of the
mandrel 30 through the workpiece 4. The forming roll 10
is arranged rotatably together with the mandrel 30 with
the protrusion 12B thereof being in contact with the man-
drel 30 through the workpiece 4.

Mandrel

[0059] The mandrel 30 includes a cylindrical-shaped
main body 30A having an outer diameter smaller than
the inner diameter of the workpiece 4, and a firstengaging
groove 32. The diameter of the first engaging groove 32
decreases in the axial direction of the rotary shaft 31 of
the mandrel 30. Itis to be noted that, in FIG. 6, the rotary
shaft 31 of the mandrel 30 also serves as the main body
30A.

[0060] As described below, inner peripheral surfaces
4a of three or more of the workpieces 4 abut with the first
engaging groove 32 alternately in the radial direction of
the mandrel 30, and the mandrel 30 is rotatable together
with the forming roll 12A, 12B, and 12C through the work-
pieces 4.

Support roll

[0061] A plural disc-shaped protrusions 22 (22A and
22B) are provided on the support roll 20 at a predeter-
mined interval in the axial direction. It is preferable that
the predetermined interval have almost the same dimen-
sion as the thickness dimensions of the cylindrical mem-
bers (workpieces) 4, which are targets to be rolling-
formed, inthe axial direction at the completion of process-
ing. Each of the protrusions 22A and 22B abuts with the
outer peripheral surface 4b of the workpiece 4, and is
arranged rotatably together with the rotary shaft 21.

[0062] In addition, on the outer peripheral surfaces of
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the protrusions 22A and 22B, and second engaging
grooves 23A and 23B that correspond to the first engag-
ing groove 32 and are engaged with the outer peripheral
surfaces 4b and end surfaces in the axial direction of the
workpieces 4 are provided, respectively.

[0063] Here, the plural protrusions 12 and the plural
protrusions 22 are provided depending on the number of
the workpieces 4. For example, when the number of the
workpieces 4 is n, the number of the protrusions 12 is m,
and the number of the protrusions 22 is k, the protrusions
12 and the protrusions 22 are provided so as to satisfy
n+2=m+k.

[0064] The protrusions 22A and 22B of the supportroll
20 configured in this manner abut with the outer periph-
eral surface of the mandrel 30 through the workpieces 4
and are arranged rotatably together with the mandrel 30.

Rolling processing method

[0065] Next, an embodiment of the rolling processing
method using the above-described rolling processing de-
vice 1 will be described below with reference to the draw-
ings.

[0066] In the rolling processing device 1, the position
of one of the forming roll 10 and the support roll 20 is
fixed, and the other has an inherent drive source and can
perform translational motion actively. The mandrel 30 is
arranged to be capable of performing rotation and trans-
lational motion passively in accordance with the defor-
mation of the workpieces 4.

[0067] In one embodiment, described description will
be given under the presumption that the position of the
rotary shaft 21 of the support roll 20 is fixed, the rotary
shaft 11 of the forming roll 10 is arranged to be capable
of performing translational motion by the above-de-
scribed drive source, and the mandrel 30 is arranged to
be capable of performing rotation and translational mo-
tion passively in accordance with the deformation of the
workpieces 4. In such a configuration, only the position
of the forming roll 10 has to be controlled. Thus, the con-
figuration of the rolling processing device 1 is simplified.
Itis to be noted that, in one variation, the position of the
mandrel 30 is fixed, and the forming roll 10 and the sup-
port roll 20 translationally move toward the mandrel 30
may be adopted. In such a variation, the forming roll 10
and the support roll 20 may be driven independently, or
a variation in which one of the rolls is rotated, and the
other roll and the mandrel are rotated dependently may
be used.

[0068] The rolling processing method of the present
embodiment includes at least an arranging process and
a rolling process, and may include another process as
necessary. The present embodiment has a specific tech-
nical feature in the arranging process.

Arranging process

[0069] As illustrated in FIG. 6, the above-described ar-



15 EP 3117 921 A1 16

ranging process is a process for arranging plural (for ex-
ample, three) workpieces 4 such thatrespective end sur-
faces of the protrusions 12 of the forming roll 10 and the
protrusions 22 of the support roll 20 abut with the outer
peripheral surfaces 4b of the plural workpieces 4 into
which the mandrel 30 is inserted.

[0070] Here, the arranging process of the present em-
bodiment is a process for arranging the plural (for exam-
ple, three) workpieces 4 such that the inner peripheral
surfaces 4a of the plural workpieces 4 are alternated in
the radial direction of the mandrel 30 with respect to the
first engaging groove 32 of the mandrel 30, and the outer
peripheral surfaces 4b of the workpieces 4 abut with the
outer peripheral surfaces of the protrusions 12 and the
protrusions 22.

[0071] As illustrated in FIG. 6, at this time, in the vari-
ation in which the second engaging groove 23A is pro-
vided on the outer peripheral surface of the protrusion
22A, a workpiece 4A is arranged such that the outer pe-
ripheral surface of the second engaging groove 23A is
engaged with the outer peripheral surface 4b of the work-
piece 4A, and an end surface of the second engaging
groove 23A in the axial direction is engaged with one end
surface of the workpiece 4A in the axial direction. In ad-
dition, as illustrated in FIG. 6, in the variation in which
the second engaging groove 23B is provided on the outer
peripheral surface of the protrusion 22B, a workpiece 4C
is arranged such that the outer peripheral surface of the
second engaging groove 23A is engaged with the outer
peripheral surface 4b of the workpiece 4C, and an end
surface of the second engaging groove 23A in the axial
direction is engaged with one end surface of the work-
piece 4C in the axial direction.

[0072] In addition, the workpiece 4B is arranged to be
sandwiched between the protrusion 22A and the protru-
sion 22B in the axial direction to limit the movement in
the axial direction.

[0073] On the other hand, the forming roll 10 is ar-
ranged such that one end surface of the protrusion 12A
of the forming roll 10 abuts with one end surface (for
example, upper end surface) of the workpiece 4A in the
axial direction to limit the movement of the workpiece 4A
in one (upward) direction. In addition, the protrusion 12B
is arranged such that the outer peripheral surface thereof
abuts with the outer peripheral surface 4a of the work-
piece 4B, one end surface thereof abuts with the other
end surface (for example, lower end surface) of the work-
piece 4A in the axial direction, and the other end surface
thereof abuts with one end surface (for example, upper
end surface) of the workpiece 4C in the axial direction.
Accordingly, the movement of the workpiece 4A in the
other (downward) direction and the movement of the
workpiece 4C in one (upward) direction are limited. Sim-
ilarly, the protrusion 12C is arranged such that one end
surface thereof abuts with the other end surface (for ex-
ample, lower end surface) of the workpiece 4C in the
axial direction to limit the movement of the workpiece 4C
in the other (downward) direction.
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Rolling process

[0074] Theabove-describedrolling processisarolling-
forming process that expands the diameters of the work-
pieces 4A, 4B, and 4C having inner peripheral surfaces
4a abutting with an outer peripheral surface 30a of the
first engaging part 32 of the mandrel 30 alternately, by
the movement of the forming roll 10, to produce annular
members 2.

[0075] Specifically, the forming roll 10 is moved in a
direction in which a distance between the rotary shaft 31
of the mandrel 30 and the rotary shaft 11 of the forming
roll 10 is reduced, by a drive source that is not illustrated,
while rotating the protrusions 12A, 12B, and 12C of the
forming roll 10 by the above-described drive source. Ac-
cordingly, the workpiece 4B is sandwiched between the
protrusion 12B of the forming roll 10 and the outer pe-
ripheral surface 30a of the mandrel 30, and the workpiece
4B is rolled.

[0076] When the rolling of the workpiece 4B is com-
pleted, the protrusions 12A and 12C of the forming roll
10 abut with the outer peripheral surface 30a of the man-
drel 30. After that, as illustrated in FIG. 7, the forming roll
10 is further made to perform translational motion, and
the protrusions 12A and 12C of the forming roll 10 press
the mandrel 30, so that the mandrel 30 performs rotation
and translational motion passively, and the workpieces
4A and 4C sandwiched between the outer peripheral sur-
face 30a of the mandrel 30 and the protrusions 22A and
22B of the support roll 20 are rolled.

[0077] In the present embodiment, the protrusion 12B
of the forming roll 10 rolls the workpiece 4B with the outer
peripheral surface thereof directly pressing the outer pe-
ripheral surface of the workpiece 4B. At this time, the
rolling force F from the forming roll 10 is transmitted
through a path of the forming roll 10 — the workpiece 4B
— the mandrel 30 — the workpieces 4A and 4C — the
support roll 20. In other words, the rolling force F is ap-
plied to the workpiece 4B, and the rolling force F/2 is
applied to each of the workpieces 4A and 4C. Thus, the
workpiece 4B deforms faster than the workpieces 4A and
4C. After that, the rolling by the protrusions 12A, 12B,
and 12C is progressed, and the rolling-forming process
of the workpieces 4A, 4B, and 4C is completed when the
thicknesses of the workpieces 4A,4B,and 4Cintheradial
direction become predetermined thicknesses (see FIG.
8).

[0078] As described above, the workpieces 4 are ar-
ranged alternately in the radial direction with respect to
the mandrel 30 in the present embodiment, so that the
force alternately acts on the mandrel 30 as illustrated in
FIG. 8, and bending that occurs in the mandrel 30 can
be reduced while forming the workpieces 4. This means
that, in a configuration of a general rolling processing
device, forming of workpieces plays the role of a support
roll (a roll that presses a mandrel).

[0079] Inaddition, aninter-fulcrum distance D between
the protrusions 22A and 22B of the support roll 20 is
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almost the same as an inter-fulcrum distance in the case
where only one workpiece 4 is rolling-processed. In other
words, almost the same force as that in the case where
one workpiece 4 is rolling-formed is applied to the man-
drel 30 by the arrangement of the plural workpieces 4 in
the present embodiment. Thus, more workpieces 4 can
be rolling-formed at the same time while preventing
breakage of the mandrel 30.

[0080] Here, in one variation of the present embodi-
ment, as illustrated in FIG. 9, the number of the work-
pieces 4 that are rolling-formed at the same time can be
increased. For example, five workpieces 4 can be rolling-
formed at the same time as illustrated in FIG. 9.

[0081] Atthistime, second engaging grooves 13A and
13C that correspond to the first engaging groove 32 and
are engaged with the outer peripheral surfaces 4b and
end surfaces in the axial direction of the workpieces 4A
and 4E are respectively provided at the protrusions 12A
and 12C ofthe forming roll 10. Here, on which protrusions
12 (22) the second engaging grooves 13 (23) are provid-
ed is selected depending on the number of the workpiec-
es 4 to be processed.

[0082] Asdescribed above, even if still more workpiec-
es 4 are formed at the same time, as illustrated in FIG.
9, the workpieces 4 arranged alternately are rolled. Thus,
bending applied to the mandrel 30 can be suppressed.
Accordingly, more workpieces 4 can be rolling-formed at
the same time without worrying about breakage of the
mandrel 30.

[0083] In addition, in the conventional rolling process-
ing device, when the protrusions are made to support the
mandrel, considerable space becomes necessary in the
width direction. However, when the mandrel is supported
by the forming force of the workpieces as in the present
embodiment, a rolling processing device that rolling-
forms plural workpieces at the same time but is extremely
compact can be provided.

[0084] In addition, in another variation of the present
embodiment, asiillustrated in FIG. 10A and FIG. 10B, the
number of the workpieces 4 that are rolling-formed at the
same time can be not odd numbers but even numbers.
For example, as illustrated in FIG. 10A, two workpieces
4A and 4B can be rolling-formed at the same time. Spe-
cifically, in another variation, the second engaging
groove 23A is provided on the outer peripheral surface
of the protrusion 22A, the workpiece 4A is arranged such
that the outer peripheral surface of the second engaging
groove 23A is engaged with the outer peripheral surface
4b of the workpiece 4A, and an end surface of the second
engaging groove 23A in the axial direction is engaged
with one end surface of the workpiece 4A in the axial
direction.

[0085] In addition, the workpiece 4B is arranged to be
sandwiched between the protrusion 22A and the protru-
sion 22B in the axial direction to limit the movement in
the axial direction.

[0086] On the other hand, the forming roll 10 is ar-
ranged such that one end surface of the protrusion 12A

10

15

20

25

30

35

40

45

50

55

10

of the forming roll 10 abuts with one end surface (for
example, upper end surface) of the workpiece 4A in the
axial direction to limit the movement of the workpiece 4A
in one (upward) direction. In addition, the protrusion 12B
is arranged such that the outer peripheral surface thereof
abuts with the outer peripheral surface 4a of the work-
piece 4B, and one end surface thereof abuts with the
other end surface (for example, lower end surface) of the
workpiece 4A in the axial direction. Accordingly, the
movement of the workpiece 4A in the other (downward)
direction is limited. In addition, on the protrusion 12B, a
second engaging groove 13B that corresponds to the
first engaging groove 32 and is engaged with the outer
peripheral surface 4b and the other end surface in the
axial direction of the workpiece 4B is provided. Accord-
ingly, the movement of the workpiece 4B in the other
(downward) direction is limited.

[0087] Inaddition, as illustrated in FIG. 10B, four work-
pieces 4A to 4D can be rolling-formed at the same time.
Specifically, three disc-shaped protrusions 22 (22A, 22B,
and 22C) are provided on the support roll 20 at prede-
termined intervals in the axial direction.

[0088] On the protrusion 22A, the second engaging
groove 23A that corresponds to the first engaging groove
32 and is engaged with the outer peripheral surface 4b
and one end surface (for example, upper end surface) in
the axial direction of the workpiece 4A is provided.
[0089] In addition, three disc-shaped protrusions 12
(12A, 12B, and 12C) are provided on the forming roll 10
at predetermined intervals in the axial direction. On the
outer peripheral surface of the protrusion 12C, the sec-
ond engaging groove 13C that corresponds to the first
engaging groove 32 and is engaged with the outer pe-
ripheral surface 4b and the other end surface (for exam-
ple, lower end surface) in the axial direction of the work-
piece 4D is provided.

[0090] In such a variation, the workpiece 4A is ar-
ranged such that the outer peripheral surface of the sec-
ond engaging groove 23A is engaged with the outer pe-
ripheral surface 4b of the workpiece 4A, and an end sur-
face of the second engaging groove 23A in the axial di-
rection is engaged with one end surface of the workpiece
4A in the axial direction. Here, the workpiece 4A is ar-
ranged to be sandwiched between the protrusion 12A
and the protrusion 12B in the axial direction to limit the
movement in the axial direction. In addition, the work-
piece 4B is arranged to be sandwiched between the pro-
trusion 22A and the protrusion 22B in the axial direction
to limit the movement in the axial direction. In addition,
the workpiece 4C is arranged to be sandwiched between
the protrusion 22A and the protrusion 22B in the axial
direction to limit the movement in the axial direction. In
addition, the workpiece 4D is arranged such that the outer
peripheral surface of the second engaging groove 13C
is engaged with the outer peripheral surface 4b of the
workpiece 4D, and an end surface of the second engag-
ing groove 13C in the axial direction is engaged with the
other end surface of the workpiece 4D in the axial direc-
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tion. Here, the workpiece 4D is arranged to be sand-
wiched between the protrusion 22B and the protrusion
22C in the axial direction to limit the movement in the
axial direction.

[0091] Here, when even numbers of the workpieces 4
are rolling-formed at the same time, in addition to the
above-described variations with reference to FIG. 10A
and FIG. 10B, by using a rolling processing device in
which the maximum number of workpieces that can be
stored is odd numbers, processing may be performed
with the number of workpieces decreased by one. For
example, with reference to FIG. 9, by using the above-
described "rolling processing device in which the number
of workpieces is five", four workpieces the number of
whichis smaller than the five by one can be rolling-formed
at the same time.

[0092] As described above, according to the rolling
processing device and the rolling processing method of
the present embodiment, annular members can be pro-
duced by rolling-forming three or more cylindrical mem-
bers at the same time while reducing the possibility of
breakage of a mandrel. Accordingly, plural cylindrical
members can be formed in processing time almost the
same as the conventional processing time, and the pro-
ductivity can be drastically increased. In addition, accord-
ing to the present embodiment, plural workpieces can be
rolling-formed at the same time without worrying about
breakage of a mandrel.

[0093] In particular, in the present embodiment, the
workpieces 4 can be prevented from increasing the
widths while the workpieces 4 are being deformed by the
first engaging groove 32 provided on the mandrel 30 and
the second engaging grooves 13 (23) provided on at least
one of the forming roll 10 and the support roll 20.
[0094] Inaddition, the first engaging groove 32 and the
second engaging grooves 13 (23) are provided to im-
prove the workability when the workpiece 4 are setin the
mandrel 30 in the above-described arranging process,
and to improve the positioning accuracy of the workpiec-
es 4 in the axial direction.

Third embodiment

[0095] Next, a third embodiment of the rolling process-
ing device and the rolling processing method will be de-
scribed with reference to the drawings. It is to be noted
that the present embodiment is merely different from the
second embodiment in the variation of the first engaging
groove provided on the mandrel and the second engag-
ing grooves provided on the forming roll and the support
roll. Thus, the description of the same components de-
noted by the same reference numerals as in the above-
described embodiments will be sometimes omitted. FIG.
11Aand FIG. 11B are cross-sectional views of a process-
ing outline of annular members the rolling processing de-
vice and the rolling processing method, in the third em-
bodiment of the present invention.

[0096] As illustrated in FIG. 11A and FIG. 11B, in the
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present embodiment, plural first engaging grooves 32
are provided depending on the number of the workpieces
4. Specifically, the first engaging groove 32 with which
all of the inner peripheral surfaces 4a of the workpieces
4A, 4B, and 4C abut does not have one groove shape
that is flush in the axial direction, but plural reduced-di-
ameter first engaging grooves 32A, 32B, and 32C are
provided on the main body 30A independently.

[0097] In addition, on the protrusion 12B of the forming
roll 10, the second engaging groove 13B that corre-
sponds to the first engaging groove 32B and is engaged
with the outer peripheral surface 4b and both end sur-
faces in the axial direction of the workpiece 4B is provid-
ed.

[0098] In addition, on the protrusions 22A and 22B of
the support roll 20, the second engaging grooves 23A
and 23B that correspond to the first engaging grooves
32A and 32C and are engaged with the outer peripheral
surfaces 4b and both end surfaces in the axial direction
of the workpieces 4A and 4C are provided.

[0099] The workpieces 4 may extend in the axial direc-
tion in addition to expanding of the diameters, depending
onrolling conditions, and the present embodiment s pro-
vided for solving such a situation.

[0100] In other words, the second engaging grooves
12B, 23A, and 23B are provided as in the present em-
bodiment, so that extending of the workpieces 4 in the
axial direction can be suppressed. Therefore, it is possi-
ble to provide a rolling processing device that rolling-
forms plural workpieces at the same time with higher ac-
curacy, while keeping an inter-fulcrum distance D small,
and a rolling processing method using the above-de-
scribed rolling processing device.

[0101] In addition, as another variation of the present
embodiment, asillustrated in FIG. 12A and FIG. 12B, the
number of the workpieces 4 that are rolling-formed at the
same time can be not odd numbers but even numbers.
For example, as illustrated in FIG. 12A, two workpieces
4A and 4B can be rolling-formed at the same time. Spe-
cifically, the plural first engaging grooves 32 are provided
depending on the number of the workpieces 4. Specifi-
cally, the first engaging groove 32 with which all of the
inner peripheral surfaces 4a of the workpieces 4A and
4B abut does not have one groove shape that is flush in
the axial direction, but plural reduced-diameter first en-
gaging grooves 32A, 32B are provided on the main body
30A independently.

[0102] In addition, on the protrusion 12B of the forming
roll 10, the second engaging groove 13B that corre-
sponds to the first engaging groove 32B and is engaged
with the outer peripheral surface 4b and both end sur-
faces in the axial direction of the workpiece 4B is provid-
ed.

[0103] Inaddition, on the protrusion 22A of the support
roll 20, the second engaging groove 23A that corre-
sponds to the first engaging groove 32A and is engaged
with the outer peripheral surface 4b and both end sur-
faces in the axial direction of the workpiece 4A is provid-
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ed. It is to be noted that, on the protrusion 22B of the
support roll 20, the second engaging groove 23B as il-
lustrated in FIG. 11 is not provided.

[0104] Inaddition, as illustrated in FIG. 12B, four work-
piece 4A to 4D can be rolling-formed at the same time.
Specifically, three disc-shaped protrusions 22 (22A, 22B,
and 22C) are provided on the support roll 20 at prede-
termined intervals in the axial direction.

[0105] The protrusion 22A includes the second engag-
ing groove 23A that corresponds to the first engaging
groove 32A and is engaged with the outer peripheral sur-
face 4b and both end surfaces in the axial direction of
the workpiece 4A. In addition, the protrusion 22B includes
the second engaging groove 23B that corresponds to the
first engaging groove 32C and that is engaged with the
outer peripheral surface 4b and both end surfaces in the
axial direction of the workpiece 4C.

[0106] In addition, three disc-shaped protrusions 12
(12A, 12B, and 12C) are provided on the forming roll 10
at predetermined intervals in the axial direction. On the
outer peripheral surface of the protrusion 12B, the sec-
ond engaging groove 13B that corresponds to the first
engaging groove 32B and is engaged with the outer pe-
ripheral surface 4b and both end surfaces in the axial
direction of the workpiece 4B is provided. In addition, on
the outer peripheral surface of the protrusion 12C, the
second engaging groove 13C that corresponds to the
first engaging groove 32D and is engaged with the outer
peripheral surface 4b and both end surfaces in the axial
direction of the workpiece 4D is provided.

[0107] In such a variation, the workpiece 4A is ar-
ranged such that the outer peripheral surface of the sec-
ond engaging groove 23A is engaged with the outer pe-
ripheral surface 4b of the workpiece 4A, and end surfaces
of the second engaging groove 23A in the axial direction
are engaged with both end surfaces of the workpiece 4A
in the axial direction. Here, the workpiece 4A is arranged
to be sandwiched between the protrusion 12A and the
protrusion 12B in the axial direction to limit the movement
in the axial direction.

[0108] In addition, the workpiece 4B is arranged such
that the outer peripheral surface of the second engaging
groove 13B is engaged with the outer peripheral surface
4b of the workpiece 4B, and end surfaces of the second
engaging groove 13B in the axial direction are engaged
with both end surfaces of the workpiece 4B in the axial
direction. Here, the workpiece 4B is arranged to be sand-
wiched between the protrusion 22A and the protrusion
22B in the axial direction to limit the movement in the
axial direction.

[0109] In addition, the workpiece 4C is arranged such
that the outer peripheral surface of the second engaging
groove 23B is engaged with the outer peripheral surface
4b of the workpiece 4C, and end surfaces of the second
engaging groove 23B in the axial direction are engaged
with both end surfaces of the workpiece 4C in the axial
direction. Here, the workpiece 4C is arranged to be sand-
wiched between the protrusion 12B and the protrusion

10

15

20

25

30

35

40

45

50

55

12

12C in the axial direction to limit the movement in the
axial direction.

[0110] In addition, the workpiece 4D is arranged such
that the outer peripheral surface of the second engaging
groove 13C is engaged with the outer peripheral surface
4b of the workpiece 4D, and end surfaces of the second
engaging groove 13C in the axial direction are engaged
with both end surfaces of the workpiece 4D in the axial
direction. Here, the workpiece 4D is arranged to be sand-
wiched between the protrusion 22B and the protrusion
22C in the axial direction to limit the movement in the
axial direction.

[0111] Here, when even numbers of the workpieces 4
are rolling-formed at the same time, in addition to the
above-described variations with reference to FIG. 12A
and FIG. 12B, by using a rolling processing device in
which the maximum number of workpieces that can be
stored is odd numbers, processing may be performed
with the number of workpieces decreased by one. For
example, by using a "rolling processing device in which
the number of workpieces is five", four workpieces the
number of which is smaller than the five by one can be
rolling-formed at the same time.

Fourth embodiment

[0112] Next, a fourth embodiment of the rolling
processing device and the rolling processing method will
be described with reference to the drawings. It is to be
noted that the present embodiment is merely different
from the second embodiment in that a rotating body is
provided. Thus, the description of the same components
denoted by the same reference numerals as inthe above-
described embodiments will be sometimes omitted. FIG.
13 and FIG. 14 are cross-sectional views of a processing
outline of annular members in the rolling processing de-
vice and the rolling processing method, in the fourth em-
bodiment of the present invention.

[0113] As illustrated in FIG. 13 and FIG. 14, in the
present embodiment, pairs of rotating bodies 50 that bias
both end surfaces of the workpieces 4 in the axial direc-
tion are provided on the forming roll 10 and the support
roll 20. The rotating bodies 50 each have a rotary shaft,
and are radially and rotatably arranged on end surfaces
of the protrusions 12 and the protrusions 22 in the axial
direction, which are opposed to one another in the axial
direction. Itis to be noted that the rotating bodies 50 may
be arranged on at least one of the forming roll 10 and the
support roll 20, and are preferably arranged on the form-
ing roll 10 and the support roll 20.

[0114] The workpieces 4 may extend in the axial direc-
tion in addition to expanding of the diameters, depending
on rolling conditions, and the present embodiment is a
variation for solving it, as in the third embodiment. Here-
inafter, the workpiece 4B will be specifically described
as an example. Asillustratedin FIG. 14, onthe side where
the inner peripheral surface 4a of the workpiece 4B abuts
with the outer peripheral surface of the first engaging
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groove 32 of the mandrel 30, the workpiece 4B is sand-
wiched by the outer peripheral surface of the protrusion
12B in the radial direction. In addition, on the opposite
side in the radial direction from the side in contact with
the outer peripheral surface of the first engaging groove
32, both end surfaces of the workpiece 4B in the axial
direction are sandwiched between the pair of rotating
bodies 50B, 50B provided on the inner surface sides of
the protrusions 22A and 22B in the axial direction, which
are opposed to each other.

[0115] In the case where the workpiece 4B arranged
in this manner, on the side in contact with the outer pe-
ripheral surface 30a of the mandrel 30 extends in the
axial direction by the rolling process, when the part is
moved to the side sandwiched between the pair of rotat-
ing bodies 50B, 50B due to the rotation of the mandrel
40, the pair of rotating bodies 50B, 50B biases and push-
es the workpiece 4B in the axial direction such that the
workpiece 4B regains the original dimension in the axial
direction.

[0116] In addition, as illustrated in FIG. 13, in the
present embodiment, the friction force acting between
the end surfaces of the workpieces 4 and the end sur-
faces of the protrusions 12 and the protrusions 22 can
be reduced by providing the rotating bodies 50, so that
the forming roll 10 and the support roll 20 are smoothly
rotated, and the energy necessary for rolling processing
can be reduced. Furthermore, damage such as seizure
on the workpieces 4, the protrusions 12, and the protru-
sions 22 can be prevented.

[0117] In addition, although not illustrated, as another
variation of the presentembodiment, asillustrated in FIG.
15A and FIG. 15B, the number of the workpieces 4 that
are rolling-formed at the same time can be not odd num-
bers but even numbers. For example, as illustrated in
FIG. 15A, two workpieces 4A and 4B can be rolling-
formed at the same time. Specifically, two disc-shaped
protrusions 22 (22A and 22B) are provided on the support
roll 20 at a predetermined interval in the axial direction.
[0118] On the protrusion 22A, the second engaging
groove 23A that corresponds to the first engaging groove
32 and is engaged with the outer peripheral surface 4b
and one end surface (for example, upper end surface) in
the axial direction of the workpiece 4A is provided.
[0119] In addition, two disc-shaped protrusions 12
(12A, 12B) are provided on the forming roll 10 at a pre-
determined interval in the axial direction.

[0120] In such a variation, the workpiece 4A is ar-
ranged such that the outer peripheral surface of the sec-
ond engaging groove 23A is engaged with the outer pe-
ripheral surface 4b of the workpiece 4A, and an end sur-
face of the second engaging groove 23A in the axial di-
rection is engaged with one end surface of the workpiece
4A in the axial direction. Here, the workpiece 4A is ar-
ranged to be sandwiched between the protrusion 12A
and the protrusion 12B in the axial direction to limit the
movement in the axial direction. In addition, on the op-
posite side in the radial direction from the side in contact
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with the outer peripheral surface of the first engaging
groove 32, both end surfaces of the workpiece 4A in the
axial direction are sandwiched between the pair of rotat-
ing bodies 50A, 50A provided on the inner surface sides
of the protrusions 12A, 12B in the axial direction, which
are opposed to each other.

[0121] In addition, on the side where the inner periph-
eral surface 4a of the workpiece 4B abuts with the outer
peripheral surface of the first engaging groove 32 of the
mandrel 30, the workpiece 4B is sandwiched by the outer
peripheral surface of the protrusion 12B in the radial di-
rection. In addition, on the opposite side in the radial di-
rection from the side in contact with the outer peripheral
surface of the first engaging groove 32, both end surfaces
of the workpiece 4B in the axial direction are sandwiched
between the pair of rotating bodies 50B, 50B provided
on the inner surface sides of the protrusions 22A and
22B in the axial direction, which are opposed to each
other.

[0122] Inaddition, as illustrated in FIG. 15B, four work-
pieces 4A to 4D can be rolling-formed at the same time.
Specifically, three disc-shaped protrusions 22 (22A, 22B,
and 22C) are provided on the support roll 20 at prede-
termined intervals in the axial direction.

[0123] On the protrusion 22A, the second engaging
groove 23A that corresponds to the first engaging groove
32 and is engaged with the outer peripheral surface 4b
and one end surface inthe axial direction of the workpiece
4A is provided.

[0124] In addition, three disc-shaped protrusions 12
(12A, 12B, and 12C) are provided on the forming roll 10
at predetermined intervals in the axial direction.

[0125] Here, pairs of rotating bodies 50 (50A to 50D)
that bias both end surfaces of the workpieces 4 in the
axial direction are provided on the forming roll 10 and the
supportroll 20. The rotating bodies 50 each have arotary
shaft, and are radially and rotatably arranged on end sur-
faces of the protrusions 12 and the protrusions 22 in the
axial direction, which are opposed to one another in the
axial direction. It is to be noted that the rotating bodies
50 may be arranged on at least one of the forming roll
10 and the support roll 20, and are preferably arranged
on the forming roll 10 and the support roll 20.

[0126] In such a variation, the workpiece 4A is ar-
ranged such that the outer peripheral surface of the sec-
ond engaging groove 23A is engaged with the outer pe-
ripheral surface 4b of the workpiece 4A, and an end sur-
face of the second engaging groove 23A in the axial di-
rection is engaged with one end surface of the workpiece
4A in the axial direction. Here, the workpiece 4A is ar-
ranged to be sandwiched between the protrusion 12A
and the protrusion 12B in the axial direction to limit the
movement in the axial direction. In addition, on the op-
posite side in the radial direction from the side in contact
with the outer peripheral surface of the first engaging
groove 32, both end surfaces of the workpiece 4A in the
axial direction are sandwiched between the pair of rotat-
ing bodies 50A, 50A provided on the inner surface sides
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of the protrusions 12A, 12B in the axial direction, which
are opposed to each other.

[0127] In addition, on the side where the inner periph-
eral surface 4a of the workpiece 4B abuts with the outer
peripheral surface of the first engaging groove 32 of the
mandrel 30, the workpiece 4B is sandwiched by the outer
peripheral surface of the protrusion 12B in the radial di-
rection. In addition, on the opposite side in the radial di-
rection from the side in contact with the outer peripheral
surface of the firstengaging groove 32, both end surfaces
of the workpiece 4B in the axial direction are sandwiched
between the pair of rotating bodies 50B, 50B provided
on the inner surface sides of the protrusions 22A and
22B in the axial direction, which are opposed to each
other.

[0128] In addition, on the side where the inner periph-
eral surface 4a of the workpiece 4C abuts with the outer
peripheral surface of the first engaging groove 32 of the
mandrel 30, the workpiece 4C is sandwiched by the outer
peripheral surface of the protrusion 22B in the radial di-
rection. In addition, on the opposite side in the radial di-
rection from the side in contact with the outer peripheral
surface of the firstengaging groove 32, both end surfaces
of the workpiece 4C in the axial direction are sandwiched
between the pair of rotating bodies 50C, 50C provided
on the inner surface sides of the protrusions 22A and
22B in the axial direction, which are opposed to each
other.

[0129] In addition, on the side where the inner periph-
eral surface 4a of the workpiece 4D abuts with the outer
peripheral surface of the first engaging groove 32 of the
mandrel 30, the workpiece 4D is sandwiched by the outer
peripheral surface of the protrusion 12C in the radial di-
rection. In addition, on the opposite side in the radial di-
rection from the side in contact with the outer peripheral
surface of the firstengaging groove 32, both end surfaces
of the workpiece 4D in the axial direction are sandwiched
between the pair of rotating bodies 50D, 50D provided
on the inner surface sides of the protrusions 22B, 22C in
the axial direction, which are opposed to each other.
[0130] Here, when even numbers of the workpieces 4
are rolling-formed at the same time, in addition to the
above-described variations with reference to FIG. 15A
and FIG. 15B, by using a rolling processing device in
which the maximum number of workpieces that can be
stored is odd numbers, processing may be performed
with the number of workpieces decreased by one. For
example, by using a "rolling processing device in which
the number of workpieces is five", four workpieces the
number of which is smaller than the five by one can be
rolling-formed at the same time.

[0131] Heretofore, although the rolling processing de-
vice and the rolling processing method according to the
present invention have been described, the rolling
processing device and the rolling processing method ac-
cording to the present invention are not limited to the
above-described embodiments, and various modifica-
tions can be made without departing from the spirit of the
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invention. For example, the first engaging groove is pro-
vided on the mandrel in the above-described embodi-
ments, but if plural workpieces can be held without the
first engaging groove, it is not necessary to provide the
first engaging groove.

[0132] Heretofore, although the present invention has
been described with reference to the specific embodi-
ments, it is not intended to limit the invention by the de-
scription. By referring to the description of the present
invention, various modifications of the disclosed embod-
iments and other embodiments of the present invention
are apparent to those skilled in the art. Therefore, it
should be understood that claims cover these modifica-
tions or embodiments included in the scope and sprit of
the present invention.

Reference Signs List
[0133]

1 rolling processing device
2 annular member

4 cylindrical member (workpiece)
10  support roll

11 rotary shaft

12 protrusion

13  second engaging groove
20 forming roll

21 rotary shaft

22 protrusion

23  second engaging groove
30 mandrel

31  rotary shaft

32 first engaging groove

50 rotating body

Claims
1. Arolling processing device comprising:

a forming roll configured to abut with an outer
peripheral surface of a cylindrical member;

a support roll configured to abut with the outer
peripheral surface of the cylindrical member;
and

a mandrel having an outer peripheral surface
configured to abut with an inner peripheral sur-
face of the cylindrical member,

wherein rotary shafts of the forming roll, the support
roll, and the mandrel are arranged to be capable of
getting closer to one another,

wherein at least three of the cylindrical members are
arranged on the outer peripheral surface of the man-
drel alternately in a radial direction of the mandrel,
wherein a plurality of protrusions, each having a disc
shape, are provided on the forming roll and the sup-
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port roll depending on the number of the cylindrical
members, and

wherein outer peripheral surfaces of the plurality of
protrusions of at least one of the forming roll or the
support roll are pressed against the outer peripheral
surface of the cylindrical member.

The rolling processing device according to claim 1,
wherein at least a first engaging groove is provided
on the outer peripheral surface of the mandrel, the
first engaging groove having a diameter decreasing
in an axial direction of the mandrel, and being con-
figured to abut the inner peripheral surfaces of the
three or more of the cylindrical members alternately
in the radial direction of the mandrel.

The rolling processing device according to claim 2,
wherein a second engaging groove is provided on
the outer peripheral surface of at least one of the
forming roll or the support roll to be engaged with
the outer peripheral surface of the cylindrical mem-
ber and an end surface in the axial direction of the
cylindrical member to correspond to the first engag-
ing groove.

The rolling processing device according to any one
of claims 1 to 3, wherein a plurality of the first en-
gaging grooves are provided depending on the
number of the cylindrical members.

The rolling processing device according to any one
of claims 1 to 4, wherein a pair of rotating bodies are
provided on at least one of the forming roll or the
support roll to be arranged rotatably with respect to
the forming roll and the support roll, which are op-
posed to each other in the axial direction, and are
configured to bias both end surfaces of the cylindrical
member in the axial direction.

A rolling processing method comprising:

an arranging process for arranging a cylindrical
member in a rolling processing device compris-
ing aforming roll configured to abut with an outer
peripheral surface of the cylindrical member, a
support roll configured to abut with the outer pe-
ripheral surface of the cylindrical member, and
a mandrel having an outer peripheral surface
configured to abut with an inner peripheral sur-
face of the cylindrical member, rotary shafts of
the forming roll, the support roll, and the mandrel
being arranged to be capable of getting closer
to one another; and

a rolling-forming process for rolling-forming the
cylindrical member to expand a diameter of the
cylindrical member by use of the forming roll and
the mandrel to produce annular members,
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wherein the arranging process is a process for ar-
ranging at least three of the cylindrical members in
an axial direction of the mandrel with respect to a
first engaging groove provided on the outer periph-
eral surface of the mandrel such that the inner pe-
ripheral surfaces of the at least three f the cylindrical
members abut alternately in a radial direction of the
mandrel and an outer peripheral surface of at least
one of the protrusions of the forming roll or the sup-
port roll abuts with the outer peripheral surface of
the cylindrical member.

The rolling processing method according to claim 6,
wherein a plurality of the first engaging grooves are
provided depending on the number of the cylindrical
members.

The rolling processing method according to claim 6
or 7, wherein a pair of rotating bodies are provided
on at least one of the forming roll or the support roll
to be arranged rotatably with respect to the forming
roll and the support roll, which are opposed to each
other in the axial direction, and are configured to bias
both end surfaces of the cylindrical member in the
axial direction.
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